Understanding the architecture of the metabolism from annotated genome sequences of organisms is a major task for postgenomic biology. Recent studies of metabolic networks have focused on the relevance of specific metabolites [1] . However, from a practical and biological point of view, it is important to investigate the enzymatic influence on the network since metabolites are not encoded in the genome, while enzymes are subjected to evolution and can be genetically engineered to change the metabolism. A critical issue is the determination of the important enzymes that can be used as targets for drugs. We propose a novel graph analysis of the metabolism that determines the most important (essential) enzymes of an organism and apply it to E. coli [2] as a model organism. Essential enzymes belong to the set of proteins necessary to an organism to be viable. Not all proteins in an organism are necessary to its survival, those are non-essential. Experiments using systematic mutagenesis have identified a substantial number of essential enzymes of E. coli and this information is available at the (PEC database, http://www.shigen.nig.ac.jp/ecoli/pec/) maintained by the Genetic Resource Committee of Japan.
Our method to assess enzyme importance from annotated genome sequences determines the damage the removal of a specific enzyme causes to the simulated network of the organism. Damage d is defined as the number of metabolites whose production is prevented in the absence of the enzyme. The graph is constructed based on the list of reactions catalyzed by the enzymes involved in the small molecules metabolism proposed by Palsson [3] and from the KEGG [4] database. Graph nodes represent enzymes or metabolites that are connected by chemical reactions. The algorithm is defined as follows: Initially, we choose an enzyme and remove the metabolites exclusively produced by that enzyme. Damage propagates preventing the occurrence of other reactions and the production of other metabolites. The total number of deleted metabolites is then counted to obtain d. We analyzed all E. coli enzymes. To compare our results with the database of essential enzymes of E. coli, we sorted the enzymes according to their d values and determined the fraction which were essential in each group. Fig. 2 shows the results. Using an F -test, we determined that the correlation between the fraction of essentials and d is statistically significant with a P -value of 0.0228. In another statistical analysis, we separated the enzymes into two groups. One set for d < 5 and another for d ≥ 5. The first group has 91% of the total number of enzymes and the second 9%. We found that the second group contains 50% of all experimental essential enzymes according to the PEC database. According to chance, the probability of finding this frequency of essential enzymes or higher in such a small subset of enzymes is 10 −7 .
We concluded that enzymes associated with high damage are involved in the production of compounds of small connectivity that connect important parts of the metabolism. On the other hand, highly connected compounds tend to be redundant since they are produced by many reactions. Surprisingly some essential enzymes cause a small damage and conversely, some non-essential enzymes cause a high damage. In the case of essential enzymes with low damage, we analyzed the bibliography provided by the PEC database and verified that the majority of them may be involved in other important biological functions than the metabolism of small molecules. Non-essential enzymes with high damage, have influence restricted to a metabolism module that is not necessary in the bacterial environment, such microorganism may not be viable in the wild.
We are applying this method to other organisms and additional applications of our technique include the indication of essential enzymes for gene knock out experiments and bioengineering of organisms. 
